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Abstract Our aim was to determine whether histological
changes occur in the cutaneous portion of pectoralis major
Xaps employed for upper aero-digestive tract reconstruction
and, if present, to characterize these changes and try to infer
their cause. Seven patients submitted to repair of aero-
digestive tract defects secondary to cancer resection with
pectoralis major myocutaneous Xap were included in this
study. All patients received adjuvant radiotherapy. Biopsies
were taken from: the cutaneous portion of the Xap; buccal
mucosa; irradiated neck skin and chest skin opposite the
donor site. Histological changes toward a “mucosalization”
occur in the cutaneous portion of the pectoralis major Xaps,
characterized by disappearance of the horny layer or a
reduction of its thickness and a decrease of the amount of
cutaneous appendages. These changes are probably a result
of continuous exposure to the intraoral environment in
association with radiotherapy eVects and may represent an
advantageous adaptation for the patient.
Keywords Surgical Xaps · Histology · Skin · 
Mouth mucosa
Introduction
Despite the functional and esthetic advantages of microsur-
gical Xaps, pedicled Xaps are still being employed for head
and neck reconstruction in many centers [1]. Among these
Xaps, the pectoralis major myocutaneous Xap, described by
Aryian [2], is still considered the workhorse of many head
and neck surgeons [3, 4]. In oral cavity and pharynx recon-
struction, the cutaneous portion of this Xap often resembles
the surrounding mucosa, a phenomenon described in other
Xaps and named “mucosalization” by some authors [5, 6].
In the literature, there is a great deal of controversy
about the occurrence of a real mucosal metaplasia of the
skin Xap after its transposition to the oral environment
[5–11]. An understanding of the mechanisms involved in
the structural changes observed in skin Xaps is controver-
sial as well. Analysis of the results is diYcult because many
papers present heterogeneous types of Xaps and patients
submitted or not to radiotherapy [12–15]. It is hard to estab-
lish, for example, a relationship between the histological
changes, eVects of radiotherapy and the action of wet oral
environment on Xaps because there are no studies that use a
piece of skin that has not been transferred to the mouth and
submitted to similar radiotherapy doses as a control.
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changes took place in the cutaneous portion of pectoralis
major myocutaneous Xaps employed for upper aero-digestive
tract reconstruction after malignant tumor ablation. If pres-
ent, we intend to characterize these changes and try to infer
their cause.
Materials and methods
The protocol described here has been approved by our
Department’s Ethics Committee and has therefore been
performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki. All patients
enrolled in this study signed a speciWc informed consent
form. The tissue samples for this study were collected
from patients of the Department of Head and Neck Sur-
gery, Hospital de Ensino da Faculdade de Medicina do
ABC, who were submitted to repair of upper aero-diges-
tive tract defects (oral cavity and pharynx) with pecto-
ralis major myocutaneous Xap from 1999 to 2006. All
defects were secondary to cancer ablative procedures.
Over the period analyzed, 33 patients were submitted to
head and neck resections employing the pectoralis major
myocutaneous Xap for defect reconstruction. In 27 cases,
the Xap was speciWcally employed for oral cavity and
pharynx reconstruction. From these 27 patients, 7 were
selected based on the following eligibility and ineligibil-
ity criteria:
Eligibility criteria
1. At least 6 months after the end of cancer treatment, i.e.,
surgery plus radiotherapy;
2. No loco-regional disease or distant metastasis;
3. Signed informed consent from the patient.
Ineligibility criteria
1. Presence of a second upper aero-digestive tract tumor
diagnosed at the time of the study.
All patients were men, aged from 51 to 65 years of age
(average: 57.1 § 5.9 years; average: 54 years), who had
been surgically treated for stages III and IV squamous cell
carcinoma of the following sites: oral tongue and Xoor of
the mouth (2 cases); tonsil (2 cases); base of tongue (2
cases); and larynx (1 case). Four Xaps resembled, macro-
scopically, the neighboring mucosa (Fig. 1). In three of
these four cases the Xap was horizontally displaced in the
axial plane. In the remaining Xaps, all of which were verti-
cally displaced, the cutaneous portion retained a similar
appearance to the donor skin site. All patients were submit-
ted to neck dissection and adjuvant radiotherapy, dose rang-
ing from 5,400 to 6,300 cGy (average: 6,026 § 324.7 cGy;
average: 6,000 cGy). The time of follow-up since the end
of radiotherapy varied from 6 to 86 months (average:
31.1 § 30.5 months; average: 22 months).
After adequate asepsis and local anesthesia with 2%
lidocaine, all patients were submitted to scalpel incisional
biopsies of the following sites:
(a) Cutaneous portion of pectoralis major Xap;
(b) Buccal mucosa nearby the reconstructed area (control 1);
(c) Neck skin inside the radiotherapy Weld (control 2);
(d) Chest skin opposite the Xap donor site (control 3).
In one case of hypopharynx reconstruction, the Xap biopsy
was performed endoscopically, with larynx microsurgical
equipment after patient sedation. The biopsy defects were
sutured with mononylon 4.0 and the patients were dis-
charged on the same day. No complications related to the
procedures were recorded.
The tissue samples were identiWed, Wxed in 10% forma-
lin and embedded in paraYn. Next, 2-m de-paraYnized
sections were obtained and examined microscopically with
hematoxylin and eosin stains. The slices were blindly and
independently analyzed by two pathologists (C.·P.S. and
D.K.Z.). The histological Wndings of Xap biopsies were
compared to controls 1, 2 and 3. The following parameters
were evaluated:
1. Presence and thickness of the horny layer of the epithe-
lium measured with the aid of a microscopic ruler grad-
uated in 0.1 mm units;
2. Intensity of epithelium inXammatory inWltrate
(0 = absence; 1+ = mild; 2+ and 3+ = moderate;
4+ = intense);
3. Amount of cutaneous appendages (hair follicles, seba-
ceous and sweat glands) by linear mm, calculated with
the aid of the same ruler used in Item 1.
Fig. 1 Pectoralis major myocutaneous Xap used for tongue and Xoor
of mouth reconstruction exhibiting macroscopic aspect of the neigh-
boring mucosa. Arrows: edge between the Xap and the remnant tongue123
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non-parametric Wilcoxon test. The Spearman test (rs) was
employed to test the correlation between the histological
Wndings, the time of follow-up and the radiotherapy dose of
the Xaps. A statistically signiWcant diVerence was deWned
as P < 0.05. Due to the reduced sample, the results were not
stratiWed by the site of reconstruction.
Results
The pathologists found similar results in most of the slices
analyzed. As 28 biopsies were performed (4 per patient)
and, in each one, 3 parameters were investigated, there
were 84 histological diagnoses for the entire study. Of these
84 diagnoses, disagreement between the pathologists
occurred in only 4 cases. In these cases, in which the diver-
gence concerned the intensity of inXammatory inWltrate in
the epithelium (2 buccal mucosas, 1 Xap and 1 neck skin),
another evaluation was conducted by the pathologists
jointly and a consensus conclusion was given. The remain-
ing results have no important discrepancies.
Horny layer The horny layer disappeared in two Xaps
(Fig. 2). These two cases had the longest follow-up times (60
and 86 months). In the remaining Wve Xaps, a thinner horny
layer compared to controls 2 and 3 was observed in optical
microscopy. However, this Wnding was not demonstrated by
the ruler measurements. When the horny layer was present,
its thickness was always less than 0.1 mm in all sites, except
in one sample of neck skin whose horny stratum measured
0.1 mm. There was a correlation between longer follow up
times and the absence of horny layer in the Xaps (rs = 0.79;
P = 0.034). There was no correlation between the absence of
horny layer in the Xaps and the radiotherapy dose (Table 1).
Epithelium inXammatory inWltrate A signiWcantly heavier
inXammatory inWltrate was detected in the epithelia of the
Xap and buccal mucosa compared to the skin of the neck
and chest (Fig. 3). This diVerence was demonstrated statis-
tically. There was no correlation between the intensity of
inXammation in the Xap and the time of follow-up or radio-
therapy dose (Table 1).
Amount of cutaneous appendages There were signiW-
cantly fewer cutaneous appendages by linear mm in the Xap
in comparison to chest and neck skin (1.84 § 1.87 vs.
6.41 § 1.46 and 5.79 § 1.98, respectively; P < 0.05). This
Wnding is illustrated in Fig. 4. There was no statistical
diVerence concerning this variable between the Xap and
buccal mucosa as well as between the chest skin and the
neck skin. There was no correlation between amount of
cutaneous appendages in the Xap and the time of follow-up
or the radiotherapy dose (Table 1).
Table 1 Summary of the results of the sites studied
Parameters evaluated: presence or absence of horny layer; intensity of the inXammatory process in the epithelium and amount of cutaneous append-
ages by linear mm
The signiWcant P values (Flap vs. buccal mucosa: P = 0.046; Flap vs. neck skin: P = 0.026; Flap vs. chest skin: P = 0.026; Flap vs. neck skin:
P = 0.018; Flap vs. chest skin: P = 0.018) were typed in bold to higlight the statistical diVerences found throughout the study
SD standard deviation, Min minimum, Med median, Max maximum,vs versus
Site Parameter evaluated
Horny layer InXammatory inWltrate Cutaneous appendages by linear mm
Absent Present 1+ 2+ 3+ 4+ Average SD Min Med Max
Flap 2 (28.6%) 5 (71.4%) 1 (14.3%) 2 (28.6%) 1 (14.3%) 3 (42.9%) 1.84 1.87 0.00 1.90 4.40
Buccal mucosa 6 (85.7%) 1 (14.3%) 2 (28.6%) 3 (42.9%) 2 (28.6%) – 0.00 0.00 0.00 0.00 0.00
Neck skin – 7 (100%) 7 (100%) – – – 5.79 1.98 3.30 5.00 8.50
Chest skin – 7 (100%) 7 (100%) – – – 6.41 1.46 4.10 6.90 8.10
Wilcoxon test Flap vs. buccal mucosa: 
P = 0.046
Flap vs. neck skin: P = 0.157
Flap vs. chest skin: P = 0.157
Flap vs. buccal mucosa: P = 0.131
Flap vs. neck skin: P = 0.026
Flap vs. chest skin: P = 0.026
Flap vs. buccal mucosa: P = 0.066
Flap vs. neck skin: P = 0.018
Flap vs. chest skin: P = 0.018
Neck skin vs. chest skin: P = 0.397
Fig. 2 Section of the Xap, 60 months after the cancer treatment (sur-
gery plus radiotherapy). It is possible to observe the absence of horny
layer (arrows) (hematoxylin–eosin, £100)123
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and histological Wndings The Xaps resembled mucosa in
both cases where the horny layer had disappeared. In these
patients, the Xap was horizontally displaced for repair of the
tongue and Xoor of mouth. In these cases an intense inXam-
matory inWltrate was observed in the epithelium (4+/4+). In
the remaining cases where the Xaps resembled mucosa, the
horny layer was present and the inXammatory inWltrate was
moderate (2+/4+ or 3+/4+). The Xaps that retained macro-
scopic skin appearance presented dermal inXammation
ranging from mild (1+/4+) to intense (4+/4+) and the horny
layer could always be identiWed. In these Xaps, cutaneous
appendages by linear mm were observed twice as often as
the Xaps mimicking mucosa (2.6 § 2.3 vs. 1.3 § 1.6
Fig. 3 Section of the Xap and 
controls of the same patient 
(case 2). A heavier inXammatory 
inWltrate is observed in the Xap 
dermis compared to the controls, 
principally neck and chest skins 
(arrows). Note the absence of 
horny layer in the Xap (hematox-
ylin–eosin, £100)
Fig. 4 Section of the Xap and 
controls of the same patient 
(case 4). No cutaneous append-
ages are observed in the Xap or 
in the buccal mucosa in contrast 
to neck and chest skins (arrows) 
(hematoxylin–eosin, £100)123
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statistically tested due to the low number of cases in each
branch of the sample.
Discussion
Many authors have studied the morphological changes that
some tissues exhibit after transplantation to a diVerent area
of the body or when they are submitted to distorted local
biochemical conditions. The intestinal metaplasia in Bar-
rett’s esophagus due to gastro-esophageal reXux [16] and
the histological changes of ortothopic ileal neobladder
mucosa [17] are typical examples. From our experience
with head and neck reconstruction, we noted that many
Xaps transferred to the oral cavity resembled the neighbor-
ing mucosa during the follow-up. In some cases, like the
one shown in Fig. 1, it is diYcult to identify the edge
between the Xap and the oral mucosa. This fact, also
observed by other researchers [5, 7, 8, 15], has encouraged
our study. We studied exclusively myocutaneous Xaps of
pectoralis major to have standardized material, as well as
the same donor site as the control.
The Wrst remarkable Wnding in our study was the disap-
pearance of the epithelium’s horny layer in two patients, or
approximately 30% of cases. These cases match up to the
longest follow-up times, 60 and 86 months, respectively. A
statistical relationship between the absence of horny layer
and longer follow up time was observed. This result agrees
with observations by Shibahara et al. [5, 7], who demon-
strated that time is an important factor in the disappearance
of the horny layer of radial forearm Xaps employed in oral
reconstruction. The Xaps that maintained the horny layer
presented a reduction in its thickness in comparison to con-
trols 2 and 3. However, this diVerence could not be numeri-
cally demonstrated, because our ruler was graduated in
0.1 mm increments and all Xaps and controls presented a
stratum corneum measuring 0.1 mm or less. Perhaps, if we
had used equipment graduated in 0.01 mm increments, our
results would have been similar to those of Rubino et al.
[6], who showed a signiWcant reduction in the thickness of
the horny layer of free forearm Xaps utilized in oral cavity
reconstruction.
A statistical reduction in the amount of cutaneous
appendages was noticed in the Xap in comparison to the
chest skin. The skin of the neck, submitted to similar radio-
therapy doses as the Xap, did not present a comparable
reduction of appendages, reinforcing the thesis of other
authors that both radiotherapy and the intraoral environ-
ment may promote structural changes in the epithelium [5,
8, 18]. A complete vanishing of cutaneous appendages
occurred in three Xaps, which made them identical to the
buccal mucosa for this parameter.
In most of the patients, we observed a more pronounced
inXammatory inWltrate in the dermis of the Xaps than in the
controls 2 and 3. This dermal inXammation was noticed in
the buccal mucosa too but without the same intensity as
observed in the Xap. This phenomenon may be secondary to
the local conditions that these tissues are submitted, for
example, the acid pH of saliva modiWed by radiotherapy
[19], the recurrent trauma related to the xerostomy and the
oral colonization by bacteria and fungi [5, 7, 12, 14, 18].
This intense inXammatory process may lead to the structural
changes observed in the cutaneous portion of the Xaps.
Despite the fact we did not detect cutaneous appendages that
were directly damaged by lymphocytes, it stands to reason
that the dermal inXammation may be responsible, at least in
part, for the reduction or vanishing of these structures.
The position of the Xaps in the upper aero-digestive tract
(horizontal or vertical) seems to be related to its macro-
scopic appearance. Among the four Xaps that resemble
mucosa, three were horizontally displaced in the oral cav-
ity. These Wndings are similar to the results of Wei et al.
[8], who have established a relationship between pectoralis
major Xap changes (macroscopic and microscopic) and the
situation of the Xaps inside the mouth. The Xaps employed
for Xoor of mouth reconstruction showed more intense
changes, including a reduction in the thickness of the horny
layer and a disappearance of appendages. The Xaps used to
cover lateral defects presented mild alterations. The authors
have correlated their Wndings with the contact, which was
more or less intense depending on the position of the Xaps,
with saliva and food. In our sample, we observed that both
Xaps that had developed a complete vanishing of horny
layer presented a macroscopic appearance of “mucosaliza-
tion”. In these patients there was a heavy inXammatory
inWltrate in the epithelium. The amount of cutaneous
appendages, when compared with the average value, was
50% lower in the “mucosalized” Xaps in comparison to the
Xaps that retained skin appearance. This result was not sta-
tistically tested due to the reduced size of the samples.
Also, we did not stratify the histological changes of the
Xaps among the reconstruction sites. However, we suppose
that for oral cavity reconstruction, mainly for defects of the
tongue and Xoor of mouth, more intense changes may occur
than for larynx and hypopharynx repair due to the diVerent
positions that the Xap assumes in the aero-digestive tract
(horizontal versus vertical, respectively).
Despite the small sample size, we were able to demon-
strate that histological changes occur in the cutaneous por-
tion of pectoralis major myocutaneous Xaps which were
transferred into the mouth or pharynx. In some cases the
changes were so intense that the Xaps were very similar to
the neighboring mucosa. This phenomenon constitutes a
metaplasia which may enhance the functionality of the
reconstructed organs. Some authors propose the use of123
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area from the surrounding mucosa [20]. This principle is of
questionable beneWt for the patient since the skin of myocu-
taneous Xaps transferred to an intra-oral environment tends
to become more like the structure of the mucosa as indicated
in the literature [8] and conWrmed by our research. In addi-
tion, the variable degree of retraction that accomplishes sec-
ond intention healing of non-cutaneous Xaps may lead to
functional deWcits. Another inconvenience of myofascial
Xaps is lengthy healing time which may delay the beginning
of important adjuvant oncologic treatments like radiotherapy.
Finally, it is evident that the genesis of the structural
changes observed in the cutaneous portion of the Xaps is not
an exclusive eVect of radiotherapy. This conclusion is sup-
ported by the fact that the neck skin did not present similar
alterations to the Xap despite having been submitted to sim-
ilar doses of radiation. As we performed all neck biopsies in
the skin of the upper neck (level II), the diVerence of radio-
therapy doses between the Xap’s skin and neck’s skin, if
present, was minimal. Consequently, we do not believe that
signiWcant variations concerning radiation doses among
these sites interfered in the results. To our knowledge, a
similar study that compared an intra-oral irradiated Xap skin
to an extra-oral irradiated skin, to rule out the sole eVect of
radiotherapy on “mucosalization”, has not been published
before. Possibly, the continuous bath of saliva modiWed by
ionizing radiation promotes a desquamation of the epithe-
lium followed by a chronic inXammation that leads to the
structural changes observed in this research, which may
represent an advantageous adaptation for the patient.
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